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WEST, R.J. AND M. J. JARVIS. Effects of nicotine on finger tapping rate in non-smokers. PHARMACOL BIOCHEM
BEHAYV 25(4) 727-731, 1986.—Five experiments were conducted investigating the effects of nicotine on finger tapping rate
in non-smokers. In each experiment subjects tapped as fast as possible a fixed number of times with one finger on a
conventional computer keyboard. In the first experiment tapping rate was increased by two 2 mg doses of a nasal nicotine
solution (NNS) but not by an inactive solution. The second study was carried out double-blind and showed that a single 2
mg dose of NNS improved tapping performance by about 5% whereas a very low dose (0.15 mg) NNS and a placebo had no
effect. The effect of the NNS was to bring about a sustained increase in tapping rate from the start of each trial. The third
study found that the effect of nicotine on tapping was reduced by a single 2.5 mg dose of the central cholinergic blocking
agent, mecamylamine, but not by a placebo. Experiment four followed tapping rate for one hour after a dose of two 2 mg
NNS and showed that within a subject this behavioural measure can provide a very consistent and sensitive bio-assay of
the time course of nicotine effects. The final experiment found that repeated dosing with one 2 mg NNS on an hourly
schedule for six hours produced a reliable increase in tapping speed after each dose with no evidence of acute tolerance.
The results indicate that nicotine can substantially improve performance by non-smokers on a simple motor task, probably
via its action on cholinergic pathways. NNS provides for the first time an effective means of examining the effects of
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nicotine on non-smokers.

Nicotine Finger tapping Non-smokers

PHYSIOLOGICALLY, nicotine appears to have primarily
stimulant actions. It increases adrenaline and cortisol output
and raises blood pressure and heart rate [1, 7, 16]. It appears
to reduce alpha activity in the EEG and increase the domi-
nant alpha frequency [3,6]. There is also evidence that it has
stimulant actions on some perceptual tasks. It increases the
critical flicker-fusion threshold {11] and may help to sustain
concentration in long symbol recognition tasks [13]. As yet
there is little evidence that nicotine has similar effects on
simple motor tasks.

One problem with assessing the effects of nicotine on
performance is that ideally one wants to use non-smokers
who have not had a chance to build up a tolerance to its
effects, yet it has been difficult to find a means of administer-
ing nicotine to non-smokers. Cigarettes are of little value
because non-smokers find the smoke too irritant to inhale.
Nicotine chewing gum induces nausea. Nicotine tablets have
been used [2, 12, 13] but these are a poor means of delivery
because swallowed nicotine is not well absorbed and most of
what is ingested is metabolised in the first pass in the liver.
Crushing the tablets and holding them in the mouth may

allow some buccal absorption but levels are likely to be very
low.

Recently a technique of dosing non-smokers with nicotine
has been developed which can provide a moderate dose rel-
atively quickly. This method involves placing a droplet of a
nicotine solution in the nose by means of a special single-
dose applicator [9]. This ‘‘nasal nicotine solution™ (NNS)
can give rise to plasma nicotine concentrations of between a
third and one whole cigarette. Plasma nicotine concentra-
tions peak 7 to 10 minutes after the dose. We have examined
the effects of NNS on a simple motor task—tapping with one
finger on a key as fast as possible. Our subjects were non-
smokers because we wanted to determine the effects of
nicotine without the complications of possible chronic
tolerance effects.

Finger tapping is one of the simplest motor activities. It
has been reported that tapping rate can be increased by
stimulant drugs such as methylphenidate and impaired by a
range of conventional depressant drugs including butobar-
bitone [4]. One study has looked at the effects of nicotine on
tapping rate in non-smokers [2]. However, this study used
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TABLE 1

TAPPING RATES IN 8 SUBJECTS BEFORE AND AFTER TAKING TWO
2mg DOSES OF NASAL NICOTINE SOLUTION AND AN
INACTIVE SOLUTION

Nasal Nicotine Inactive Solution

Baseline Post-dose Baseline Post-dose

Mean 389.8 406.1* 390.9 393.5
SD 49.8 43.3 45.0 46.4
% Increase 4.2 0.7

*Significant increase from baseline (p<(0.01, Binomial).

TABLE 2
TAPPING RATES IN 8 SUBJECTS BEFORE AND AFTER 2 mg NASAL NICOTINE (NNS), 0.15 mg NNS AND
INACTIVE PLACEBO
2mg NNS 0.15 mg NNS Placebo

Baseline Post-dose Baseline Post-dose Baseline Post-dose

Mean 427.4 448.2* 434.1 432.6 424.8 428.1
SD 29.4 39.4 33.7 37.0 31.2 332
% Increase 4.9 -0.3 0.8

*Significant increase from baseline (p<0.01, Binomial), greater than increase after 0.15 mg NNS
(p<0.01, Binomial) and placebo (p <0.05, Binomial).

nicotine tablets. Given the poor absorption from tablets and
the fact that they only contained 0.1 mg of nicotine, they
must have been no more than placebos. It is not surprising,
therefore, that there was no increase in tapping rate. If
nicotine’s other stimulant actions are also reflected in motor
performance, then the NNS should increase tapping rate.

EXPERIMENT t

Experiment 1 was designed to determine whether NNS
would increase maximum tapping rate by comparison with
an inactive solution.

Subjects, Method and Results

The subjects were eight male non-smoking volunteers
aged from 29 to 55 years. Each subject performed all condi-
tions. In one condition the subjects performed a tapping task
before and 10 minutes after taking two 2 mg doses of NNS.
The tapping task required subjects to tap with the forefinger
of their dominant hand as fast as possible 300 times on a
single key of a Model B ‘BBC’ computer keyboard. The
subjects were allowed to tap in any way they wished, using
their whole arm if necessary. The computer automatically
terminated the trial after 300 taps and recorded the tapping
rate in taps per minute. There were no practice trials. In the
second condition an inactive nasal solution containing a pep-
per extract was used instead of the nasal nicotine. The pep-
per extract was to mimic some of the local irritancy of the
nicotine in the nose.

The order of the two conditions was balanced and each
condition took place on a separate day. Non-parametric tests
were used to compare conditions. In view of nicotine’s other

stimulant actions one-tailed tests were used, looking for an
increase in tapping rate.

Tapping rate increased after the NNS in all subjects
(p<0.01, Binomial) whereas after the inactive nasal solution
there was no trend either way (Table 1). The increase after
NNS averaged 4 percent of baseline performance.

EXPERIMENT 2

In order to confirm the findings of the previous study and
to ensure that the result was not due to a placebo effect we
conducted a second study in which a single 2 mg dose of
NNS was compared with a very small nicotine dose (0.15
mg) and a pepper placebo. This study was carried out
double-blind. We were also interested to know whether the
very low dose of nicotine could enhance performance on the
tapping task.

Subjects, Method and Results

The subjects were seven male and one female non-
smoking volunteers aged from 26 to 55 years. All the subjects
underwent three conditions. In each condition they first per-
formed three practice trials of the tapping task with each trial
requiring 200 taps. After a rest of a minute they performed
three baseline trials. They then took either one 2 mg NNS or
one 0.15 mg NNS or one inactive nasal solution containing
pepper extract. After a wait of 5 minutes they performed a
further three trials of the tapping task. The means of the
three baseline and three post-NNS trials were taken as the
pre-drug and post-drug scores respectively. All the condi-
tions were undergone on the same day with at least two
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TABLE 3

TAPPING RATES IN 5 SUBJECTS BEFORE AND AFTER NASAL
NICOTINE (NNS) WHILE ON 2.5 mg MECAMYLAMINE
AND PLACEBO

A: Mecamylamine

Pre-mecamylamine Post-mecamylamine

Pre-NNS  Post-NNS  Pre-NNS  Post-NNS
Mean 396.6 415.9 402.7 411.8*
SD 321 35.8 36.3 37.0
% Increase 4.9 2.3

B: Placebo
Pre-placebo Post-placebo

Pre-NNS  Post-NNS  Pre-NNS  Post-NNS
Mean 398.7 417.3 404.9 417.9%
SD 36.0 33.8 28.5 33.7
% Increase 4.7 3.2

*Increase after NNS significantly less post-mecamylamine than
pre-mecamylamine (p<0.05, Binomial).

tNo difference between increase after NNS pre- and
post-placebo.

hours intervening between each one. The experiment was
conducted double-blind.

All eight subjects showed an increase in tapping rate after
the 2 mg NNS (p<0.01, Binomial) whereas there was no
consistent trend with either the 0.15 mg NNS or the inactive
solution. The increase after NNS averaged 20.8 taps per
minute, or 5 percent over baseline, and was significantly
greater than after either 0.15 mg NNS or placebo (p<0.01
and p<0.05 respectively, Binomial) (Table 2).

EXPERIMENT 3

There is evidence that nicotine acts on cholinergic recep-
tor sites in the CNS and autonomic nervous system [8]. The
cholinergic antagonist, mecamylamine, has been shown to
reduce at least some of nicotine’s effects [ 14]. We conducted
a further experiment to determine whether a small dose of
this drug would reduce the effect of nicotine on tapping rate.

Subjects, Method and Results

The subjects were four male and one female non-smoking
volunteers aged between 26 and 55 years. There were two
conditions with each subject undergoing both. In one condi-
tion the subjects performed six trials of the tapping task be-
fore and after taking one 2 mg nasal nicotine solution. Each
trial required subjects to tap 200 times and was followed by a
30-60 sec rest. Then the subjects took a capsule containing
2.5 mg mecamylamine. After waiting two hours to give the
mecamylamine time to work, the subjects took another 2 mg
nasal nicotine solution performing six tapping trials before
and after as previously. The second condition was identical
except that a placebo was substituted for the mecamylamine.
Neither the experimenter nor the subjects knew whether
mecamylamine or placebo was being taken. The order of the
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FIG. 1. Tapping rate over one hour in a single subject after receiving
active (2X2 mg) and placebo NNS.
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FIG. 2. Tapping rate in two subjects over six hours when NNS (2
mg) was given on an hourly schedule.

conditions was randomized. The tapping rate in each six-trial
block was averaged. It was expected that nasal nicotine
would increase tapping rate and mecamylamine would re-
duce this effect.

In all five subjects the tapping rate was higher after taking
the NNS than before it on every occasion that the nicotine
was taken (Table 3). In all the subjects, this increase was
smaller two hours after taking the mecamylamine than be-
forehand (p <0.05, Binomial). There was no consistent trend
with the placebo. The tapping rate after taking the nasal
nicotine was lower in every case when subjects were on
mecamylamine than when they were on placebo (p<0.05,
Binomial).

EXPERIMENT 4

This experiment followed the time course of the effect of
NNS on tapping rate in a single subject. The aim was to
assess the sensitivity and consistency of the tapping measure
and the duration of the nicotine effect.

Subject, Method and Results

A single, non-smoking, male subject aged 45 took part in
this study. A baseline measure of tapping rate was taken with
the subject performing 300 taps. He then took two 2 mg NNS
and performed the tapping task after 6, 9, 11, 16, 21, 26, 31,
36, 41, 46, 51, 56 and 61 minutes. On another day this proce-
dure was repeated except that inactive nasal solution was
substituted for NNS. The results are shown in Fig. 1. Tap-
ping rate rose from 400 per minute before NNS to 437 per
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minute 11 minutes after the dose. It remained consistently
elevated up to 30 minutes and then began to decline. but was
still above baseline levels after one hour. After the inactive
solution there was no change in tapping rate.

EXPERIMENT 5

This experiment sought to determine whether the effect of
NNS would be maintained with repeated dosing on an hourly
schedule or whether after the first few doses acute tolerance
would occur.

Subjects, Method and Results

Two male, non-smoking subjects took part in this experi-
ment. They performed two trials of the tapping task (with 300
taps per trial) before and two trials after taking one 2 mg
NNS every hour from 9.45 a.m. to 3.45 p.m. (seven doses in
all). The post NNS trials were performed seven and 10 min-
utes after the doses. The pre-dose trials and post-dose trials
were averaged for each dose. The results are shown in Fig. 2.
It is evident that the NNS increased tapping rate after every
dose in both subjects. The mean increase in tapping rate was
3.2% over baseline in one subject and 4.1% in the other.
There was no sign of a lessening of the effect with later
doses.

DISCUSSION

In all five experiments, the administration of 2 mg nasal
nicotine solution (NNS) reliably enhanced finger tapping
rate. The increase from a single 2 mg dose was about 5%.
There was no increase from a placebo or a single 0.15 mg
dose. The effect of NNS was reduced though not obliterated
by a small dose (2.5 mg) of mecamylamine. The increase in
tapping rate after NNS was shown to last for at least 30
minutes and there was no evidence of acute tolerance with
repeated dosing on an hourly schedule.

The size of the effect of NNS on tapping rate was sub-
stantial and must have been due to nicotine. By no means is
all of the nicotine in NNS absorbed. After a single 2 mg dose
it is unlikely that more than 1 mg enters the blood on average
[15]. Thus a nicotine dose considerably less than that from a
single cigarette can substantially improve performance on a
simple motor task in non-smokers. This does not mean that
smokers would necessarily experience a similar increase.
For example, it may be that this effect of nicotine is subject
to tolerance. If so. it may be necessary for the smoker to
continue smoking to prevent a deterioration in performance
below normal levels; and/or only the first cigarette of the day
may have an appreciable performance-enhancing effect.

Nicotine is known to increase hand tremor and it might be
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argued that our results are due to this. However, this cannot
be the case because the keyboard used for the tapping task
was sprung and required more force than would be available
from an exaggerated tremor. Moreover, the speed of tremo1
is considerably faster than our subjects’ maximum tapping
rate [10].

Mecamylamine has been shown to reduce the effects of
nicotine on a variety of physiological measures. The finding
that mecamylamine reduced the effect of nicotine on tapping
rate suggests that similar cholinergic pathways are involved
in the actions of nicotine on tapping as on other variables.
The dose of mecamylamine used in this study was small and
it is possible that complete blockade would be achieved with
a larger dose.

The results of Experiment 4 showed that the effects of
NNS are not fleeting and occur for as long as there is
nicotine in the blood. They also show that the measure is
sensitive enough to chart the time course of nicotine’s ef-
fects. The fact that we could find no attenuation of the
nicotine-induced increase in tapping rate with repeated dos-
ing suggests that the hourly schedule we used did not lead to
acute tolerance to nicotine’s effects, at least in the course of
one day. This does not rule out the possibility that continuing
such a regime for longer than one day would not lead to
longer-term tolerance. Tolerance has been observed to some
other effects of nicotine such as dizziness [5].

The fact that nicotine enhances performance on a simple
motor task does not mean that it necessarily improves more
complex information processing, although there have been
reports that this may be the case [ 13]. It does indicate. how-
ever, that it may be worth looking at the effects of nicotine
on physical abilities such as muscular strength, speed of
muscle movement or endurance. If nicotine were found to
have performance enhancing effects in these areas its use by
sportsmen might confer an unfair advantage. A case could
then be made for including it in the category of drugs
proscribed in sport.

In conclusion. this series of experiments reveals that
nasal nicotine can deliver nicotine in sufficient amounts to
produce strong and consistent effects on a simple motor
task. The way is now open to explore the effects of nicotine
on a variety of performance measures involving perceptual,
motor and cognitive processes to assess the role that it may
play in maintaining smoking.
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